) In order to investigate potential selection bias in population-based cohort studies, participants n s 28 098 ( ) ( ) and non-participants n s 40 807 in the Malmo Diet and Cancer Study MDCS were compared with regard to cancer incidence and mortality. MDCS participants were also compared with participants in a mailed health survey with regard to subjective health, socio-demographic characteristics and lifestyle. Cancer incidence prior to recruitment was lower in non-participants, Cox proportional hazards analysis yielded a ( ) ( ) relative risk RR with a 95% confidence interval of 0.95 0.90-1.00 , compared with participants. During ( ) recruitment, cancer incidence was higher in non-participants, RR: 1.08 1.01-1.17 . Mortality was higher in ( ) ( ) non-participants both during, 3.55 3.13-4.03 , and following the recruitment period, 2.21 2.03-2.41 . The ( proportion reporting good health was higher in the MDCS than in the mailed health survey where 74.6% ) participated , but the socio-demographic structure was similar. We conclude that mortality is higher in non-participants than in participants during recruitment and follow-up. It is also suggested that non-participants may have a lower cancer incidence prior to recruitment but a higher incidence during the recruitment period.
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Introduction
In order to evaluate the results from population-Ž based prospective cohort studies e.g. disease and mortality rates and the prevalence of different risk . factors it is important to identify differences between participants and non-participants. This includes two perspectives. The first is related to dif-Ž ferences at baseline e.g. prevalent disease, socio-de-. mographic characteristics and lifestyle factors . The second issue concerns differences with regard to disease rates and mortality during follow-up.
Ž . The Malmo Diet and Cancer Study MDCS is ä population-based prospective cohort study that between 1991 and 1996 recruited 44-to 74-year-old men and women living in Malmo, a city in southern Sweden with about 250 000 inhabitants. The main goal of the MDCS is to study the impact of diet on Ž . cancer incidence and mortality Berglund, 1993 . It consists of a baseline examination including dietary assessment, a self-administered questionnaire, anthropometric measuring and collection of blood samples that have been stored in a biological bank Ž . Berglund et al., 1993 . Follow-up is performed regularly by means of record linkage with national registries for mortality and cancer incidence.
The aim of the present analysis was to evaluate the representativity of the study group by analysing cancer incidence and mortality prior to invitation Ž . for cancer incidence , during recruitment and following end of baseline examination, in participants and non-participants. An additional aim was to compare subjective health, socio-demographic factors and lifestyle in MDCS participants with a random sample of subjects from corresponding birth cohorts in Malmo who participated in a mailed health surveÿ with high participation. This study will also discuss the potential impact an unrepresentative sample may J Manjer et al.
Ž have on different types of studies i.e. studies on disease and exposure rates versus studies on associa-. tion between exposure and disease . Elmstahl et al., 1996 of that method was tested. A pilot study with the aim of testing the chain of events for recruiting was performed in 1990 and baseline examination started in March 1991. The design included the creation of a versatile biological bank with separated blood components from Ž . all participants Berglund et al., 1993 . The quality of the frozen blood components over time has been Ž presented in a quality control programme Pero et . al., 1998a ,b . In 1993 Riboli, 1992 .
Materials and methods
Recruitment
All Swedish residents are registered in the National Population Register where they are given a unique civil registration number. All subjects living in Malmo 1 January 1991 and born 1926᎐1945 werë included in the first group that was invited to the MDCS, a total of 53 325 individuals. Following this, the cohort was redefined every third month, including people that had moved to Malmo and identifying diseased subjects and individuals who had moved from the city, which guaranteed that ineligible subjects could be removed from the sampling frame rather than classified as non-responders. The study was extended in 1995 to include men born between 1923 and 1945 and women born 1923᎐1950. The rationale of including more young women than men, was to be able to study breast cancer among premenopausal women. Recruitment was carried out between 1 January 1991 and 25 September 1996. There were in all 74 138 individuals in the selected birth cohorts according to the population register Ž . Figure 1 . Seventeen subjects could not be satisfactorily identified by their civil registration number, some of them were individuals who had been as-Ž signed a civil registration number twice e.g. had . Ž . immigrated to Sweden more than once Figure 1 .
The background population was randomly invited by letter. If a subject did not answer the first letter, two more letters were sent. In parallel to invitation by personal letter, subjects living in Malmo from thë studied birth-year cohorts were invited by advertisement in local newspapers, in public places and in primary health care centres. In this way, a total of 5505 individuals were recruited without having received a letter of invitation. These were referred to Ž . as 'volunteers' Figure 1 . Most volunteers were recruited during the first half of the study.
Some individuals died or moved before they had received a letter of invitation: in all 3017 subjects Ž . Figure 1 . There were 21 817 subjects who did not Ž . reply to the invitation letters Figure 1 . A smaller number, 16 942 individuals, answered the letter but were not willing to take part in the study. A minor group, 224 subjects, came to the first meeting but died before they had completed baseline examina-Ž . tion Figure 1 . The only exclusion criteria that were decided on a priori were language problems and mental retardation that prevented the respondent from answering the rather extensive questionnaire Ž . Berglund et al., 1993 . This group eventually in-Ž . cluded 1975 individuals see below . A group of 2048 persons began baseline examination but failed to complete either the questionnaire, the anthropometricrbody composition measurements or the dietary Ž . assessment Figure 1 .
A subject who completed the questionnaire, the anthropometricrbody composition measurements and the dietary assessment was regarded as a complete participant. This information is a requirement Ž for eligibility to the EPIC study Riboli and Kaaks, . 1997 . The cohort of 28 098 complete participants, 11 063 men and 17 035 women, will be referred to as the EPIC cohort. Some subjects were not considered Ž eligible for study i.e. those who could not be satisfactorily identified by their civil registration number, those who died or moved prior to invitation or died following their first visit and before complement, and individuals that had language problems or were . mentally retarded . The rest of the background population will be referred to as non-participants or the non-EPIC cohort, in all 40 807 subjects, 17 810 men and 22 997 women. This resulted in an overall participation rate of 40.8%, for men 38.3% and for women 42.6%. Mean age at 1 January 1991 was 54.9 Ž . Ž . SD 7.6 years for participants and 54.3 SD 7.8 years for non-participants.
Baseline examination
Subjects were invited to a first visit where the aim of the study and the different parts of the baseline examination were presented. A self-administrated questionnaire assessed education, occupation, physical activity, social network, use of tobacco and alcohol, current health, medical history, current medication and disease in close relatives. Women were also asked about reproductive history. The questionnaire was handed out at the first visit and was collected and checked for missing values at a second visit, typically 2 weeks later. Dietary assessment was performed according to a modified diet history Ž method, which had been validated . Participants completed a menu book for 7 consecutive days and a food frequency questionnaire, which were discussed and completed at the second visit. At the first visit, blood pressure, height, weight and body composition were measured, the Ž latter by an impedance method Berglund et al., . 1993 . Samples of 45 ml blood were drawn which were separated and stored in the biological bank at y80ЊC or y140ЊC according to blood component fraction. Some participants were randomly selected for additional studies such as ultrasonographic ex-Ž . amination of carotid arteries Persson et al., 1997 and bone density measurements.
tablished and potential risk factors for cancer incidence and mortality. As no such information is available considering non-participants, participants in the MDCS were compared with subjects in Malmö who took part in a mailed health survey with an almost twice as high participation rate in corresponding age groups, The Health Situation in Malmö Ž .Ž . '94 HSM: 94 Lindstrom et al., 1995 . The MDCS questionnaire was mailed in 1994 to a random sample of subjects from some birth-year cohorts also Ž . included in the MDCS i.e. 1923 the MDCS i.e. , 1933 the MDCS i.e. and 1943 . In all, 2100 subjects were selected in these birth cohorts in the HSM:94 and 1567 returned the questionnaire, resulting in a response rate of 74.6%. Selection of eligible subjects for the HSM:94 was made without any relation to participation in, or invitation to, the MDCS. In the same birth cohorts in the MDCS there were 8331 eligible subjects out of whom 3196 completed baseline examination, corresponding to a participation rate of 38.4%. The distributions of some selected health, socio-demographic and lifestyle factors were compared between the EPIC and the HSM:94 cohorts. The question on education included an open alternative in the HSM:94 questionnaire, and the distribution when this alternative was excluded has also been reported. Type of occupation was used to define those currently employed, the only group included in the comparison of type of employment and current sick leave. Moreover, the latter factors were only compared in subjects born in 1933 and 1943, as most participants born in 1923 were retired at baseline examination. Marital status did not cover whether a person was cohabiting or not but this was assessed in the 'living alone' question. Smoking habits and alcohol consumption were Ž categorized according to Table 1. Weight status body 2 . mass index, kgrm was assessed by direct measurement at baseline examination in the MDCS cohort while it was based on self-reported information in the HSM:94. Subjective health was measured on a scale with seven fixed steps spanning from 'very bad, could not be worse' to 'very good, could not be better'. The assessment of instrumental support and social participation have been described in detail Ž . elsewhere Hanson et al., 1997 .
Follow-up on cancer
We have used the EPIC definition of a tumour end point that states 'all malignant tumours and certain Ž tumours with non-malignant behaviour' EPIC, . 1998 . The latter include: 'carcinoma in situ of the breast, carcinoma in situ of cervix uteri, all neoplastic changes in the urinary bladder and all neoplasia in the brain'.
Tumour end points were retrieved by record linkage with the Swedish Cancer Registry and the Southern Swedish Regional Tumour Registry. The Ž Swedish Cancer Registry was set up in 1958 Na-. tional Board of Health and Welfare, 1998a . By law, all malign tumours and certain benign tumours are to be reported, this includes all malignancies mentioned above. The national register is complete with a two-year delay, in this study until 31 December 1997. Additional information until end of follow-up, 31 December 1999, was obtained from the Southern Swedish Regional Tumour Registry which provides up-to-date information on cancer incidence in the Ž south of Sweden Southern Swedish Regional Tu-. mour Registry, 1994 . Tumour site has been registered according to the ICD version that was used at diagnosis. In addition, to facilitate comparisons over time, all tumours are also coded according to ICD-7. Since 1958, histopathological type has been registered using the C24 Ž classification National Board of Health and Wel-. fare, 1998a . SNOMED and ICDO-2 code is available on all cases diagnosed after 1 January 1993, but in order to enable international comparisons, all tumours in the registry have been coded retroactively according to these classifications.
Follow-up on¨ital status
The present cause-of-death register was set up in 1911. All deaths, immediate cause-of-death and mul-Ž tiple causes of death are to be reported National . Board of Health and Welfare, 1998b . Information on cause-of-death is normally available with a oneyear lag, but due to a delay caused by the introduction of the ICD-10 classification, cause of death and information on the use of autopsy was only available up until 31 December 1997. The cause-of-death Ž registry was completed until 31 December 1999 i.e.
. end of follow-up , with data from the National Tax Board that provides up-to-date information on vital status for all Swedish residents.
Statistical methods
The distributions of selected factors in the EPIC and HSM:94 cohorts were compared using direct age standardization. Age-standardized rates were calculated as the sum of birth-years cohort-specific Ž rates multiplied by a third or by a half for type of employment and current sick leave as these factors were only examined in subjects born in 1933 and .
.
Incidence of first time malignancy, the studied end point being any malignancy according to the EPIC definition, was compared between EPIC and non-EPIC cohorts. Cancer incidence was studied in relation to the recruitment period, which resulted in three different periods. The first from the establishment of the Swedish Cancer Registry, 1 January 1958, until definition of the original cohort, 31 December 1990. The second from definition of the original cohort, 1 January 1991, until end of baseline examination, 25 September 1996. The third period following end of baseline examination, 26 September 1996, until end of follow-up, 31 December 1999.
Mortality in EPIC and non-EPIC cohorts was studied for the last two periods. Incidence of specific cancer sites and cause specific mortality was studied in participants and non-participants for the periods 1 January 1991 to 31 December 1999 and 1 January 1991 to 31 December 1997, respectively.
Incidence and mortality rates were calculated as the number of events per 100 000 person-years. Person-years were counted from beginning of each period until first event, death or end of the period. Ž First time malignancies were only counted once e.g. a subject with a colorectal carcinoma in 1965 was censored from further analysis with regard to first . time malignancy . Correspondingly, in the analysis of specific carcinomas, each site was only counted once and the subject was censored from further analysis Ž of this site e.g. a person with a colorectal carcinoma in 1965 was censored from further analysis of colorectal carcinoma but not from the analysis of other . sites .
Incidence and mortality rates were compared between the EPIC and non-EPIC cohorts using Cox's proportional hazards analysis adjusted for sex and age at definition of the original cohort, 1 January 1991. Analyses of first time malignancy and all cause mortality were repeated stratified on sex.
Results
Subjecti¨e health, socio-demographic factors and ( ) lifestyle Table 1 The high response rate, 74.6%, in the HSM:94 implies that it might be more representative of the background population than is the EPIC cohort. The distributions were similar in the two cohorts with regard to educational level, type of employment, marital status, percentage living alone, smoking habits, weight distribution and current sick leave. There were fewer foreigners in the EPIC cohort than in corresponding birth-year cohorts in the HSM:94. The EPIC cohort had a relatively higher proportion of employed and a lower proportion of retired subjects than had the HSM:94 cohort in corresponding birth-year cohorts. The question on alcohol had many missing values in the mailed survey, 20%, which makes comparison difficult, but the proportion of teetotallers was similar in both cohorts. A relatively higher proportion of subjects in the EPIC cohort reported good subjective health, good instrumental support and high social participation. Taken together, the data suggest that the EPIC cohort is selected towards better health but that the socio-demographic structure and the prevalence of smoking and obesity are the same as in a study, from the same population, with a participation rate of 74.6%. Tables 2 and 3 Incidence of first time malignancy in the period preceding definition of the original cohort was lower in non-participants than in participants, relative risk Ž . Ž . RR : 0.95 0.90᎐1.00 , but stratified for sex, this was Ž . conferred to women only, RR: 0.94 0.89᎐0.99 . Cancer incidence was higher in the non-EPIC cohort Ž . during recruitment, 1.08 1.01᎐1.17 , but the association did only reach statistical significance for men, Ž . 1.14 0.1.02᎐1.28 . This implies that subjects with previous cancer diagnosis may have been more willing to participate and that non-participants may be at higher risk of developing cancer during the recruitment period. Following recruitment, both men and women in the non-EPIC cohort had a similar incidence of first time malignancies as subjects in the EPIC cohort.
( ) Cancer incidence
From definition of the original cohort until end of follow-up, some cancer sites were significantly more common in non-EPIC subjects, namely: tumours of Ž . the pancreas, lung, cervix uteri invasive and the Ž . urinary tract Table 3 . The EPIC-cohort had a higher incidence of breast cancer, prostate cancer, and malignant melanoma of the skin.
( ) Mortality Tables 4 and 5
During recruitment and follow-up, 982 subjects in the EPIC cohort died, 293 during and 689 following end of recruitment. Out of these, 527 were diag-Ž nosed prior to 31 December 1997 i.e. during the period when information on cause of death and autopsy had been performed in 48.6% of cases in the EPIC cohort and in 51.5% of deceased non-participants. During baseline examination, mortality was more than three times higher in non-participants than in Ž . the EPIC cohort Table 4 . During the period following end of baseline examination, mortality was about twice as high in non-EPIC subjects as in Ž . participants Table 4 . Both willingness to participate and subsequent mortality may be associated with the same factors but it may also be that disease prior to end of baseline examination may have affected the ability to take part.
From beginning of recruitment until end of follow-up with regard to specific cause of death, mortality in the non-EPIC cohort was three times higher Ž . than in participants Table 5 . Death from cancer in non-EPIC subjects was 2.24 times more common, death from breast cancer 3.31 times higher and death from ischaemic heart disease 2.81 times more frequent than in participants. Furthermore, the non-EPIC cohort had a 3.81 times higher mortality from injuries and intoxication than had the EPIC cohort.
Discussion
This study has five main findings. First, the incidence of first time malignancy prior to recruitment was higher in participants as compared to non-participants. Secondly, the incidence of first time malignancy during recruitment was higher in non-participants. Thirdly, the mortality was higher in nonparticipants during recruitment. Fourthly, the mortality in non-participants stays higher than that in participants following end of baseline examination. And lastly, the comparison of questionnaire data from the EPIC cohort with a mailed health survey implies that the MDCS, with a participation rate of 38.9%, has the same socio-demographic structure and prevalence of smoking and obesity as a study with a 74.6% participation rate. However, several methodological issues have to be considered.
One such issue is related to the validity of cancer and mortality registries. The Swedish Cancer Registry is nation-wide and registration by both clinicians and pathologists is implemented by law. In Malmo, recent studies have reported a completeness of 99% and a correctness of 96% in regard of breast cancer diagnosed at Malmo University Hospital Ž . between 1961 and 1991 Garne, 1996 . Similar results have been reported from other parts of the country. The Cancer Registry was set up in 1958 and the oldest birth cohort in the MDCS was then 35 years of age. It is therefore possible that we have missed some tumours in early life but cancer incidence before age 35 is very low.
Even if completeness is high regarding diagnosed cancers, the probability of having a tumour detected may differ between groups. A delay between first Ž . symptoms and diagnosis patient's or doctor's delay or low participation in preventive health projects, such as mammography screening, may have the same determinants as participation in a cohort study like Ž the MDCS e.g. low health awareness and unwilling-. ness to seek medical help . The finding that women in the EPIC cohort had a higher incidence of breast cancer may in fact be a result of high participation in mammographic screening instead of a truly increased risk of breast cancer.
The completeness of the Swedish Cause of Death Registry, as compared to the national population Ž registry, was 99.64% in 1996 National Board of . Health and Welfare, 1998b . Some deaths may have been missed, but we have nothing to support the possibility that participants and non-participants would differ with regard to completeness of registration. The validity of information on specific causeof-death is related to the autopsy frequency. This has traditionally been high in Malmo, close to 80%, but the rate has declined during the last decades Ž . Garne, 1996 . The autopsy rate is, however, kept Ž . high within the MDCS Berglund et al., 1993 . Up until 1997, the autopsy rate was similar in participants and non-participants and even slightly higher in the non-EPIC cohort. Therefore, the probability of correct diagnosis ought to have been similar in the two groups.
The comparison between the EPIC and the HSM:94 cohorts may have been biased as the questionnaire was distributed in different ways. Within the MDCS study, the questionnaire was reviewed together with the respondent at the second visit in order to complete missing values. This was obviously not possible in the mailed health survey. However, the only question in the HSM:94 that had a substantial number of missing values was that on alcohol consumption. It is well known that self-reported alcohol habits have low validity. However, it is reasonable to assume that this is mainly a problem concerning high consumers and that it may still be possible to compare the proportions of teetotallers in the two cohorts.
Ž . Weight body mass index was assessed by different methods in the MDCS and the HSM:94 cohorts: direct measurement and self-reported information, respectively. However, self-reported height and weight have previously been shown to have high Ž . validity Klag et al., 1993 . Our findings are in line with other studies that Ž have found a higher overall mortality Trell et al., . 1985; Osler and Schroll, 1992 and a higher mortal-Ž ity from cancer Trell et al., 1985; Rosengren et al., . 1987; Walker et al., 1987 in non-participants than in participants. Participants and non-participants may differ in many other respects. The possibility that socio-economic status is associated with participation is supported in this study by high incidence in the EPIC cohort of breast cancer, prostate cancer, malign melanoma, cancers that are more common in Ž affluent groups Schottenfeld and Fraumeni, 1996;  . Lund Nilsen et al., 2000 . Furthermore, the non-EPIC cohort had a high incidence of invasive cervix uteri cancer, a tumour associated with low socio-Ž . economic status Schottenfeld and Fraumeni, 1996 . Several cohort studies have indeed found a low participation rate in subjects with low educational Ž level and poor social status Bergstrand et al., 1983; Haglund et al., 1983; Rosengren et al., 1987; Persson et al., 1994; Jackson et al., 1996; Livingston et al., . 1997 . This is not supported by the fact that educational level and the proportion of manual workers in the EPIC cohort were similar to the distribution in the HSM:94. However, our data show that the MDCS has the same socio-demographic structure as a study carried out in the same population with a participation rate of 74.6%. It is still possible that those who did and did not participate in the health survey differ in socio-economic status.
Lifestyle may also differ between participants and non-participants. This is suggested in this study by the fact that non-participants had a higher incidence of lifestyle-related cancers, such as pancreatic can-Ž cer smoking, alcohol; Schottenfeld and Fraumeni, . Ž 1996 , lung cancer smoking; Schottenfeld and Frau-. Ž meni, 1996 , and urinary tract tumours smoking;
. Schottenfeld and Fraumeni, 1996 . Non-participants also had a higher mortality from conditions associated with lifestyle factors, such as cardiovascular Ž . Ž disease Berglund et al., 1996 , lung cancer smok-. ing; Schottenfeld and Fraumeni, 1996 and colorec-Ž tal cancer high dietary fat intake; Schottenfeld and . Fraumeni, 1996 . Some lifestyle factors have indeed been associated with low participation in other Ž cohort studies; for example, smoking Criqui et al., . 1978; Persson et al., 1994; Jackson et al., 1996 , high Ž alcohol intake Haglund et al., 1983; Rosengren et . Ž al., 1987; Persson et al., 1994 , hypertension Jackson . et al., 1996 Bengtsson et al., 1997; Hill et al., 1997 Ž and dietary habits Van't Hof et al., 1991; Osler and . Schroll, 1992 . The comparison with the HSM:94 did not show any substantial differences in smoking habits and the proportion of teetotallers or subjects with obesity but the HSM:94 may have been subject to the same selection bias as the EPIC cohort.
The proportion of subjects born abroad was different in the MDCS and in the HSM:94. It is well known that factors such as tobacco consumption use of alcohol and diet differ between ethnical groups. The situation in Malmo is, however, complex as there are many immigrants from other Nordic countries as well as from outside Europe, and the association between different lifestyle habits and ethnic origin in Malmo remains to be evaluated in futurë studies.
Lifestyle factors and socio-economic class may be associated with both willingness to participate and subsequent risk of developing disease, but apart from a personal decision to participate, some condi-Ž . tions e.g. advanced disease will make it difficult to take part in the baseline examination. This is indicated in this study from the overall higher mortality, specifically from tumours and cardiovascular disease that was seen in non-participants. Increased morbidity may indeed be the very reason why they did not participate. This is also in line with the finding that the EPIC cohort had a lower proportion of subjects who considered themselves to have poor health than had the HSM:94. Following baseline examination, participants who develop disease will still be participants, and this will result in less pronounced differences in mortality between this group and non-participants. The rapid increase in mortality rates among participants following end of recruitment may thus be explained.
We conclude that mortality is higher in non-participants than in participants during recruitment and follow-up. It is also suggested that non-participants may have a lower cancer incidence prior to recruitment but a higher incidence during the recruitment period. This may have implications for the interpretation of future studies within the MDCS as cancer incidence, mortality and exposure rates may not be directly applicable to the general population. Furthermore, data analysis may be affected if there is a selection of subjects among whom there is a low Ž prevalence of a potential risk factor e.g. the propor-. tion of smokers , or a very low incidence of a certain Ž . end point e.g. bladder cancer . A lack of statistically significant associations may thus be a reflection of poor statistical power.
However, in future studies of associations between exposure and disease, the main topic will be whether there is a big enough difference in exposure levels Ž . within the cohort e.g. intake of dietary fat . Even if the EPIC cohort is selected towards better health, and possibly higher socio-economic status and healthier lifestyle, it will still be possible to study associations and causal pathways as long as there is a heterogeneous distribution of the studied factor.
